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CONTINUOUSLY MOVING MECHANICAL
SPRINKLER SYSTEMS”

Most sprinkler systems apply water while the fateral and sprinkler
arc stationary. Mcchanization of farn operations as labor costs in-
creasc, together with the shortage of labor for moving portable
laterals and sprinklers, has resulted in improved and increased use of
continuously moving mechanical sprinkler systems. These systems
are characterized by laterals and sprinklers that remain connected to
the main pipeline, but continuously move while applying water.

The three major types of continuously moving sprinkler systems
are: 1. Circular center-pivot, 2. Straight moving lateral, and 3. Trav-
cters. Chapter I, pages 20-23, gives additional information on these
systems. :

The stationary sprinkler systems apply water at a relatively con-
stant hourly rate, while the moving system’s application rates begin
al zerp, increase to a maximum, and then decrease to zero again as
the moving system passes over a location. Figure 1I-1 shows a possible
application rate curve for a continuously moving system.

The variable application rate of the continuously moving sprinkler
system complicates the selection of an application rate for system
design as compared with the design of stationary sprinkler systems.
Possible intake rate curves for two soil types vs. watcr application
curves for two positions under a moving sprinkler system are shown
in Figure II-2. The typical application rate for the stationary system
design is shown as the straight line at 0.22 inch/hour for the medium
soil intake rate curve, No runoff is expected on the high intake rate
soil, but the areas where the moving lateral application rate curves
excced the medium soil intake rate curve show the potential for run-
off [rom e sprinkler system on this soil. A lower peak application rate
would prevent runoff from the irrigated area, but this change would
require that water be applied over a longer period of time to achieve
the same depth per irrigation. 5

The gquantity of water applied per irrigation also could affect the
allowable moving sprinkler maximum application rate to a soil with-

_%fhis chapter written by: Claude IL Pair, Agricultural Engincer, Snake River Conserva-
tion Rescarch Center, Kimberly, Idaho; Walter W. Hinz, Extension Specialist in Agri-
saltura! Enpgineering, University of Arisona, Tucson; Kenneth R. Frouwt, Professor,
Department of Soila, Water and Engincering, University of Arixona, Tucson; and
Crawlord Reid, Consufting Enginecr, South Laguna, California. .
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Typical application rate curve for continuously moving lateral.

out runoff. Small depths of water applied frequently would allow the
use of higher application rates than a largec depih applied in one
application without runoff.

Equipment for determining the soil-water intake rate vs. time of .
water application curve of a soil is under development and uses simu-
lated application rate patterns of a costinuously moving sprinkler
lateral. 1t has been suggested that the soil sprinkler water intake rate
curve can be determined by setting catch cans at various locations
across a stationary sprinkler latera! where the application rates vary.
By measuring the time [rom the start of irrigation until water glisten-
ing on the soil surface just disappears as the revolving sprinkler returns
to apply water again, and the depth of water cau ght in each can during
this time for each can location, the application rate and time to runoff
can be calculated. Plotiing the water application rate in inches per
hour vs. the time to runoff in hours will zive the waler intake rate -
time of application curve for this soil.®
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Water Application Rates along a ceater-pivot lateral are deler.
mined by the 1
of lateral, and 2\ ier types used. Once the above pardmelers are
sel, the rate of watcr application remains fixed, regardless of the
rolation- speed of a cenler-pivot lateral. Changes in lateral rotation
speed will change only the duration of application and Lhe depth of
water applied. . : :

The water application rate varies along the lateral length from a
low valuc near the pivot to higher values at the outer end, Figure 11-8
illustrates why the application rate must increase toward the oaler
end of u lateral, Beginning at the center-pivot, waler is applied along
660 feet (one-hali) of lateral to irrigate the inside one-fourth of the
total area, while the outside one-fourth of the area requires that the
same volume of water be applied through 177 feet of lateral.

WATER APPLICATION ALONG LATERAL

25% of Area

25% of b._.un

|
|
25% of Area _
|

25% of Area

———— — =

PER CENT OF AREA

LATERAL LENGTH ACRES

100 . 1320 12566
75 1143’ 94.24

- 50 _ - 933 62.83
25 . : 660" 31.42

S Fiovae 1148,
Arca - lateral distances for vniform water distribution.

sizes, nozzle pressure, sprinkler apacing, length

Walcr applicalion rate varics along a center-pivot lateral alsiy,
because the lateral travel speed increases from th er pivol to the
outer end. Table L1 illustrates the ::__n.éu:h\ bplied at four
positions from the center pivot using different latu.ut speeds to make
a complete lateral revolulien and two types of sprinkler arrangements
along the laterel. .

TFABLE Ii-1

Time of Water Application for Yoarious Poinis along a
Center-Pivot Lateral for Two Sprinkler Arrangements

Sprinkier position aleng lateral from pivot, in {eel

115 . 330 660 1,220
Timeof
one Sprinkler welted
lateral diameter, in fect
revolution 920* 80** 90* 90** 90 130** 90* 175°°
hes : minutes
6 31 28 16 16 8 12 4 8
12 63 56 31 al 16 22 3 16
18 94 83 47 47 23 34 12 23
24 125 111 63 63 31 15 16 30
a6 185 167 94 94 47 68 23 46
48 . 25Q 222 125 125 63 91 31. 6l
60 313 278 156 156 78 113 39 76
*All medium-type agricultural sprinklers. .

**Sprinklers vary from amall ty pe at pivot to large type near outer end of laicral,

The type of sprinklers, their spacing along the lateral, and the
diameter of sprinkler coverage affect the application rates of a center-
pivot lateral. There are three common variations in sprinkler type and
arrangements used on conter-pivot laterals with the sprinklers in
fixed or variable spacings. In one arrangement, some of the smallest
agricultural sprinklers are used near the pivot point, medium-sizecd
sprinklers near the middle of the lateral, and large-type sprinklers at
the outer end of the lateral. In the second arrangement, all medium-
sized agricultural sprinklers are used with a variation in nozzle sizes
along the lateral with the smallest nozzles at the pivot and the largest
nozzles at the outer end of the lateral. In the third arrangement,
gpray-type nozzles are used which are small near the pivet and large
at the outer end of the ceunter-pivot system (Figure I1-9). All systems
have a high degree of uniformity if designed property.

The spray-type nozzle sprinkler gives the highest application rates
along the lateral because of the narrow width of coverage. An advan-
tage is lower operating pressures, which are usually about 40 psi. A
measured average application rate at 2 point 1,300 fect from the pivot
of one system gave 3.35 inches per hour, and water was applied to
one area for 5-1/2 minutes during a 22.hour lateral revolution,
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The area irrigaied is determined by the lenglh of the center-pivol
lateral and th nt of a full circie operation. The following equa-
tion can be usd calculate areas: '

R’ a
A = x P : i1}
43,560 X 100

where A is the area in acres, R is the length of the lateral in feet, and
p iz the percent of a full cirele irrigated.

" The quantity of water to be delivered to the center pivot of a sys-
tem is calculaled by the following equation:® .

Q - 1B0E.A | 2]
= E;

where Q is in gallons per minute, Ey; is the peak water use rate of
_the crop in inches per day, Ej is the water applicalion efficiency in
percent, and A is the area irrigated in acres. . -

The water application efficiency, defined in Chapter V, page 126,
varies with the water distribution uniformity of the lateral and
whether the water applied goes into the soil at the point of applica-
tion. Anderson and Brown® report water application efficiencices of
a center-pivot system in the Columbia Basin area of Washington that
varied from 70 1o 80 percent during one irrigation scason. :

Several charts have been prepared for the solution of Equation [2],
with either the efficicncy held at one value (Figure 11-10)’, or the
acreage irrigated held at a fixed value (Figure 11-11)°,
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Centcr-pivot system capacity chart for 130 acres.f

An alternative method of designing center-pivot systems is heing
used in some areas where frequent rainlal) and soil moisture storage
in the trop root zone can be utilized to supply part of the water to the
crop during the peak use period. This permits a reduction in the
design peak use rate for the system, This redueed design peak use
rate is then used in cquations [2] and [3] which will reduce the
volume of water (Q) required for the system design and the average
maximum application rate at the outer cnd of the center-pivot lnt-

eral. A factual knowledge of the rainfall frequency and amounts, the

soil-moisture-holding capucity in the crop root zone, and the actual
peak water use of the crops is necessary before designing a successful
system under this method.

David W. Fonkin' lists the following instructions when using this
alternate method of design: .

1. The practice of starting the scason with a full profile is essential.

2. The root zone must have sufficient soil moisture holding capac-
ity to supply, without stress, the balance of the crop water
requirements not supplied by irrigation or rainfall.

3. The irrigalion system must operate without down time during
the pesk use period, or some safety factor must be provided.

4. Consideration should be given to the possibility of a different
efficiency and an appropriate adjustment made, .

5. Lower and lower levels of system capacity call for higher and
higher levels of irrigation management and system reliability.

ASAE Recommendation R264.4, Item 3.2.1, Minimum Require-
ments for. the Design, Installation, and Performance of Sprinkler
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40 _ CHOAPTER 11

Enough water should be applied to bring the root zone to field capac-
ity, When the lateral ceturns o the slarting point, check the scil mois-
ture to see if enough water has been used to warrant starting the
lateral around again,

Crop water nceds should be anticipated. The soil profile should be
near field capacity before peak use begins lo aveid excess plant stress
in the event of a breakdown for a day or more, especially on low
waterholding capacity soils. The lateral must be repaired in the field
and usually another lateral is not available for substitution for the
disabled one. .

When freezing temperatures occur, the irrigator must be careful
in operating the system. At these times, ice secumulating on the
sprinkler lateral pipeline and supporting structure can overload and
collapse the system. Low temperature kill switches are available from
most manufacturers. :

Moving systems operate best on soils which absorb the water at
‘the point of impact. When water is applied by any mecthod faster than
the soil can absorb it, runoff occurs, resulting in poor crop irrigation
and excessive soil erosion, Runoff may collect in low areas causing a
loss in load-bearing strength of the soil and possible bogging down of
the wheels, tracks, or skids, : :

CONTINUQUSLY MOVING STRAIGHT LATERAL SYSTEMS

The continuously moving straight lateral irrigates a rectangular
field. The lateral pipeline with sprinklers is supported on two-
wheeled carrizges at 40- 1o 80-foot intervals along the lateral. Water
from the main pipeline is supplicd to the lateral through a high pres-
sure flexible hose. A power unit drives a winch that winds up a steel
cable towing the power unit, 660-foot length of hose, and the end
support carriage across the field. The remaining support carriages
are driven individually by an arm-type spinner sprinkler through a
gear box or shaft chain-drive mechanism. A lateral alignment system
decrcases the pressure and volume of water on the drive sprinkler
if a support carriage gets ahead of the linc of carriages, or increases
the pressure and volume of water to the drive sprinkler if 2 support
carriage gets behind the lateral alignment. Clearance of crops by the
lateral pipeline of present models is 7 feet. Rate of lateral travel can
be varied from 0.5 to 2.0 feet per minute.

The Design of a Coniinuously Moving Straight Lateral System
follows the general steps given in Chapter III for gathering the basic
data for use in calculating system capacity. : -

Methods of determining crop requirements and peak rate of water
use for an arca are deseribed in Chapter 1V, .

Chapter V, page 126, defines the water application nmmamosmw. it

varies normally from 75 to 80 percent, depending upon the uniformity
of water distribution and on the assumption that water is retained in
the root zone of the crop at the paint of application.

The quantity of water that should be delivered to the straight
moving lateral is calculated by using equation 2l

e

.r.._.
_ | ()

Water application rates to the soils along a conlinuously muving
straight lateral are determined by the nozzle size, waler pressure,
and spacing of sprinklers. The peak application rate should be ap-
proximately the same at all points along this type of lateral. Lateral
travel speed does not affect the water application rate. The depth of
water applied is a function of application rate and lateral travel
speed. Figure 11.13 shows the water application rate pattern for two
speeds.of travel of the same Interal. _
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Water application rete pattern - two lateral speeds,
If the water application rate pattern of a continuously moving’
lateral is assumed 1o be elliptical in shape, the following equation:
can be used to calculate the maximum application rate of the lateral:

h o 613 Q
- L . (5]

where h is the maximum application rate in inches per hour, Q/L is
the water applied per foot length of lateral in gpm, and r is the ia:.on__
radius of the sprinkler in feet, !




‘utainds Jofaansf, :
“GE-IT auioig .

‘“dolearn) jo odLy puosss e smoys ¢I-J] 2anfi] ‘waisds Ia[dAv1y o joO
Mt%homm sey ‘zz mmm.n 11 sowdmpy *3937 09 01 g9z JO ._Buﬁﬁu:u vuﬁou?
” HoA0d puw ‘sxow 0 wdd gop'y 01 gog Suwsarep ‘reydiy o
1sd gg jo ssanssayd 3w Buperado ‘od{y wooq 0 amn[oA .uwnc_
oyl jo Lqreaid &y 1 sopyurads sy, ‘sosow 31 se Junediaar “uaede 190] pop
Lgjensn ‘sjuarniut Jeindes e ppay oys ssoxoe swdua ‘umo 81 Lq paqped
-0ad 10 2{qEd pue Youim Jomod v £q pomoy st u_uﬁ.*? a7, .unﬂ.ﬁu&n :FE
Addns ya1em 23 01 paysaUUOD Bs0Y S[qIXA] .oaammoua.zmi.u Mo g.uﬁ
SAIYOs po[eam 0 Yovl} posomod dre S[RIAIE] .ﬂuﬁcmuwm IooAna],

SWELSAS YITINRIS HTIEBAVEL

‘wa1sds 3 jo fxed I[e 10] suonsad
-ins osueuniuww pur Sunersdo [euomppe oy TA adey) uwm
‘rndeya
SI: 30 9z 9ded uo umoys saw puw waisds ad1 tapeaen oy Jooyye ._m“ﬁ
ASOY1 5w 3wres oY) aze pasds JueIsuo urmUIBW 01 L1tjiqe ST 100]jY ey}
$1030Tf 0] JO JWOS ‘PIOI} T J3AC HOIINGINISIP Idlem anm_z.: J0j poads
[94v3Y [eadis] rumisuod v uodn juspuddep §1 wsds .«o.o&r 81y,
. ‘pepuswiuednr st ‘I Fadry) ‘6T sandy ]
U1 paieaisnljl [9a1 2S0Y v NG IOV B Ylia 256Y Y uEkBHaa ucmw
s{jensn st s1y ], ay’ 4 v a1 Buoje wpIno 1o . .
1 81 f : 0ue °
Pue e suo u _ b ot gy
50K DIQIND]} QY Uiy, 12Y)IR] PaAOW D 0) PIBU |0IsIN YL pInoyS

7.

NPAUROISIP AN 01 3ARY [[im 950y ) ‘yiuol .

‘uonjisod mol-pue ur waisds minie] Jujrow bn:oncﬁnou. 1Tieatg
T1-T1 sunotd

‘[eIair] pomol ay} jo uorjerado oGy
smoys p[-J[ 2andyy ~Furmol 9yy ul pasm s1 03081} VIS v ‘uoiisod
Furiiels o1 01 pamo) 61 [eIafe] oY) pue uonitsod Fuimoy [erne] UL wnd
ate speats a1} oxay], "uonrsed Fupims ayy onsoddo pppy ayy Jo pud
oyy 01 Sunedyaar ‘euInial [eIaje[ S UIY: puv 'SPIUM IR suaiydrenis
‘puyjadid upeul ST ssea0r [RIOIR] IYY SMO) 'SPEAYM AL SUWIRI 1oyedraan
ot yoiym Ioye ‘suppdid uwivwr I O IpIS UG UMOP saredriar jelo
-18] SIY, © 06 PAaUIm 3¢ ued vy saduwraea Sunsoddns ayd uo sPIYM
sey [eioje] Junaow ydrens auQ ‘saanposord radoxd oy ul JouUmo
3t} 19NXgUT P[ROYS JI[[TISUL-IO[RIP Y1 pus “waisds Jo puelq ayy voedn
pusdep [[im judain] dwang Jureopy Lysnonunuoey) v fo uonesodp

. -gazoe ur parediiir welr oY) S1 Y pue ‘sinoy ug
vosv oy} ediaar 01 popoRu AW AL ST | cwdd ug jequy [eseIw) Y1 1¢
mofy o3 st Q) ‘soyour uy parjdde yidap Jaiom 55013 ofeloar St p 2X0YM

.V 85¥
[9) " T

‘usndan suo spRpdurod
01 popsau AW} AYl pur “PUY [BIAN] 341 1B MO[} I0IUA jO 2181 21}
‘porndiaar eoxe sy uodn gpusdap uonwdtarl PEd v [BINT] yde1rs
guraow A{snonunuod e £q patjdde ma jo yidop ssoid afeIdaE YL
-porzad usaiff v oy woisss e £q poeBraar 2q
uea jey; 9JraIde UT ISEAIIOP T UBIW {{IM Y] I9lEM O yulop (moy
awas oyt Ajdde 01 Paonpal 3 0 Paslt (|14 1UIWIAOUL {BINIT] JO poads
a1 ‘jpouni juzadsd 01 PasearddP 3 01 SPIBU el ueneaydde oyt J1
-sornssoxd puv 2718 I[ZzOU JIpyuUpds Suniueyd # =1 fPIUL 1DiEM
{108 a1 10} mof 001 10 UFrY 601 81 Nrd HOREdY 1§t pafiteys.nq
upd [eiste] niFiens Jupsow L[snonunuod s jo b ~aneatpdde 2y 1.




4 . : CHAPTER 11

Traveler sprinkler lulerals may have a long (up to 660 feet), flexi-
le, high-pressurc hose to conneet the sprinkier on the vehicle to the
vater supply pipeline, It was the development of large diameter,
iigh pressurc, flexible, and wear-resistant hosc that gave added
mpetus to the development of the traveler sprinkler systems. The
righ-pressure hose is made in 2.5- to 5-inch diameters, It is usually
manufactured in one-piece lengths of 330 or 660 fect. The sprinkler
ravel is limited to twice the flexible hose length before the hose has

o be moved from one water supply outlet to another,

Travelers may be scif-propelled or moved by an auxiiliary engine
iriving a cable winch stationed at the end of the ficld, as shown in
Chapter II (Figure 11-19), Almost all sclf-propelled travelers use
cither a water turbine, water pision, or internal combustion engine
mounted on the vehicle to power a winch and cable to tow the ve-

hicle. Most vchicles use the cable as a means of guidance, the cable

end being anchored at the stopping point of the vehicle. Travet is
usually in a straight line. A reel is used for moving or storage of the
flexibie hose, . :

The traveling sprinkler lateral irrigates reciangular strips and is
adapatable to a wide range of ficld sizes and shapes. Initial eost per
acre is lower than for most mechanical move systems, and labor re-
quirement is low. .

The traveler system can be used on topography ranging [rom level
to rolling and irregular. It can be used in ficlds that have some ob-
stacles such as powerline poles, trecs, and buildings.

Some of the limitations of traveling sprinkler systems are problems
caused by heavy textured soils that have very low water intake rates,
Variable high winds may distort sprinkier application patterns and
reduce paticrn uniformity as it does in other system types. The
vehicle and high-pressure hose travel lane must be left out of produe-
tion for some crops. The flexible hose can be damaged if dragged
over jagged rocks, barhed wire fencing, and broken glass, but these
damages are repairable, :

Traveling Sprinkler System Performance dcpends upon two pri-
mary factors: (1) proper system design, and (2) proper mechanical
performance of the traveling unit sclected. : :

~ The proper system design is based on the general steps given in
Chapter III for mﬁrnnmngm the basic data. The Traveling Sprinkler
System Planning Guide gives the following planning steps for
use of the basic data: :

1. Determine the system capacity : .
2. Sclect traveling unit, sprinkler, and flexible hose ’
3. Determine the system layout and performance requirements
4, Determine pressure losses and total head : :

5. Caleulate the power required |

The nnvgrw needed for a traveler sprinkler system is caleulated
using the following equation:

e it A ey, St e < R £t . e £ e b e 1 A ——

e ey Ay T SR b

oty -

[V ——
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Q = 453 X E, A
Ei B

(7]

where Q is in gpm, Ep is peak rate of water use by the crop in
inches per day, A is the arca irrigated in acres per day, Ej is irrigation
efficiency in percent, and H is operating time in hours per day. Fig-
gure II-16 is & nomograph for detcrmining traveler system capacity
when pgross peak irrigation use rate of the crop is determined. Gross
peak irrigation use rate is the peak rate divided by the irrigation
efficiency.
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Zo_:am—.aws for determining traveler system capacity.?

.H.To operation of a traveler type sprinkler is interrupted from time
to time to move the water supply hose from outlet to outlet on the
mainline. Also, the vchicle with sprinkier has to be moved from lane

- to lane in the ficld, Approximately 45 minutes is required for a hose

and vehicle move. The operating hours in a day will he reduced by
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Tor the layout field for a iraveling sprinkler system, the pre-
vailing wind dif and slope of fields should be considered.
Dircction of través ..ould be at right angles to the prevailing wind
direction, and travel across stcep slopes should he avaided, if possible,

Travel lane width is based on the sprinkler wetted diameter in
fect, wind velocity in miles per hour, and sprinkler pattern. Table 11-6
shows typical widths based on a percentage of the wetted diameter
for various windspceds.

TABLE H-5
Maximum Spacing for Traveler-lype Sprinklcrs, fee!’

Percent of Wetted Diameter

Sprinkler 50 55 60 65 70 % 80
wetted Wind over Wind upio. Windupto No

diameter 10 mph 10 mph 5 mph wind
feet e spacingin feet
200 160 110 120 130 140 150 160
250 © 125 137 156 162 175 187 2060
300 150 165 180 195 210 225 240
350 175 192 216 227 243 262 280
400 200 220 240 260 280 300 320
450 225 243 270 292 315 = 338 3560
500 250 275 300 325 350 375 400
550 275 302 330 358 385 412 440
600 : 300 330 360 390 420 e vaa

The average depth of water applied by a traveler system is deter-
mined by the sprinkler capacity, spacing between travel lanes, and
travel speed. The formula’ for calculating the average water depth
applied by a traveler is: .

D = 1.605 Q : _ 9]
W x S

where D is the average water applied in inches, Q is capacity in gpm,
W is the travel Jane spacing in feet, and § is the travel apeed of the
vehicle in fect per minute (see Table II-6).
- Pressure losses, total head, and power required calculations are
discussed in textbook Chapter IX. o
Operation of Traveler Systems follows the principles of irrigation
and maintenance given in Chapter XI, with a few modifications.
Figure 11-18 shows the system of moving the sprinkler vehicle and
cable anchor across a field in the most efficient manner to meet the
crop needs,
When moving the hose from one location to the ncat, a hose reel
should be used. The rcel should be designed so that the hose may be

r et g e A A LA i b =

[E—

TABLE 116 K
Depth of Water Applied by Traveling mv..mnw. ,._Msnrnm?.

Spacing X __ | T
L hetween Travel Speed -
Sprinkler  ravel : :
Fpm. lanes 64 0.5 1 2 4 6 8 10
: feet . fect per minute

60 - 165 24 L9 Lo 05 024 016 612 009
200 165 49 39 20 L0 05 032 024 019
200 40 32 16 08 04 0.27 020 0.6

300 200 60 A8 24 L2 06 040 030 024
. 270 44 36 LB 09 04 030 022 0.18

400 240 67 53 27 L3 0.7 044 033 0.27
: 300 53 43 21 11 05 036 027 021
500 ° 270 0 74 - 60 340 15 079 050 037 0.29
330 &l 49 24 12 06 040 030 024

600 . 270 89 71 36 18 09 06 045 036
330 73 58 29 L5 07 65 036 0.29

.T00 270 104 83 42 21 L0 07 05 042
330 85 68 34 1.7 OB .6 0.4 0.31

800 C %0 107 85 43 21 11 6.7 05 043
- 360 8¢9 71 36 183 09 06 04 036

900 . 300 120 96 48 24 12 08 0.6 05
360 10,0 80 40 20 L0 9.7 0.5 0.4

1000 330 122 97 49 24 1.2 08 - 06 05

400 100 80 40 20 10 0.7 0.5 04

placed on it without first removing the pull coupler. The reel pro-
vides a good means of storing the hese in the off-season and is a
better method of transperting the hosc from one field to ancother,
thus giving a longer hose life.

Constant travel speed of the traveler is required for uniform water
distribution over the irrigated arca. Somec of the factors that affect
the ability of a traveler to maintain constant speed are’:

1. Hose pull, which varies with size hose, soil type, terrain, and
condition of the towpath, Hose pull also varies from zero 1o
maximum in a given travel rum. .

2., Water pressurc and flow rate.

3. Amount of cable buildup on the cable reel varies with the design
of the cable drum and must be compensated for in the design
of the traveler, or the machine will speed up through the travel
ran,

4. The characteristics of the power unit on the traveler must be
matched to the requirements of hosc pull and other factors
enumeratcd above for constant speed operation.
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